Abstract. In this paper, the problems deep penetration of compact impactors into the ice, taking into account different temperatures were solved. The behavior of ice is described by the basic system equations of continuum mechanics, i.e., the equations of continuity, momentum and energy in the lagrangian approach. Medium are compressible, isotropic, no mass forces, internal sources of heat and thermal conductivity. Medium also includethe shockwave phenomena, as well as formation ''spall'' and ''shear'' damage. The stress tensor is divided into deviatoric and spherical components. Equation of statewas chosen in the form of Walsh. The components of the stress tensor deviator located on the elasticplastic flow model based on the equations of Prandtl-Reis associated with von Mises yield criterion. Initial impactor velosity was varied atfrom 50 to 325 m/s.
Introduction
The urgency of research on highenergy impact on the ice in order to deepen scientific knowledge of the physics and mechanics of ice due to the intensive development is currently of the Arctic and the northern areas of Russia. In this case numerical simulatingis an effective tool to obtain detailed information about loading processes, significantly adding to the experimental results in a wide range of initial conditions.
Theoretical results on the investigation of the ice impulse load under a certain fixed temperature were obtained [1, 2] . However, in terrestrial conditions the ice can be kept at a temperature of 0 0 C and up to −60 0 C. Therefore, the mathematical model of the behavior of ice should be taken into account the dependence of the strength of physical and mechanical characteristics of the temperature.
In the present research the shock process of cylindrical and spherical impactors with an ice barrier was investigated. The subsonic range of initial velocity of impactors was studied.
Mathematical model
The solution of the problem of phenomenological macroscopic model of continuum mechanics, which is based on elastoplastic behavior of the material. The basic system of equations is founded on the fundamental laws of conservation of mass, momentum and energy: 
Numerical simulation
Physical formulation of the problems is following. The cylinder and the sphere of the same mass penetrate into ice barrier. Initial velocity impactors directed along its axis of symmetry normal to the plane of the barrier and was set equal to 50 to 325 m/s. The object of study is the ice cylinder. Cylinder height is 60 mm, but diameter is 45 mm. There were 12 of calculation variants. In each variant the initial velocity of the impactor increased to 25 m/s. The cylinder has of dimensions (5×5) mm. Diameter of the spherical impactor is equal to 5.72 mm. Impactors weight are 0.77 g. The boundary conditions at the contact surfaces allow their sliding without friction. Material of impactors were steel U10A.
The initial conditions for problems of shock interaction of solids for the undisturbed state imply the vanishing stress component, pressure and internal energy. The numerical solution of the boundary value problem is carried out in a two-dimensional statement for the axial symmetry of themodified method Johnson G.R. It is known that this method is a lagrangian, but it allows solve the problem of deep penetration of heterogeneous structure, including modern safety structure. For this incorporated the algorithm erosion of triangulation elements and algorithm splitting nodes, the algorithm for constructing the free surface [6, 7] . The latest innovation should be considered smoothing algorithm for the contact surface [8] .
For a plane and axial symmetry calculation program has been developed in a twodimensional formulation that allows you to prepare online original data, including automatic partitioning of the computational domain. The computer program allows the application of five different equations of state for many materials of construction [8] . 
Results
The calculated configurations of ''Impactor -Ice'' are shown in figure 1 . The initial velocity of the impactors are 225 m/s. It was found that the first destruction of the pockets formed in the ice in the contact zone ''impactor -ice'' at the begining process. The deeply penetrated impactors into the ice, the greater the area of destruction of ice was. The deformation of the cylindrical and spherical impactors occurs in the elastic field without failure impactors. The penetration of the cylindrical impactor accompanied by spall fracture front surface of the ice barriers. The depth of penetration of the spherical impactor was 15 % more than the depth of penetration of the cylindrical impactor. Obviously, this is explained streamline shape of the spherical impactor. Figure 2 illustrates the dependence of penetration depth of impactors on the temperature. The upper line corresponds to the dependence of the spherical the impactor on the temperature and the bottom line corresponds to dependence of the cylindrical the impactor on the temperature.In this variant the initial velocity of impactors was equal to 175 m/s. The temperature changed from 0 to -60 ° C. It was found that with an increase in negative ice temperature depth penetration of impactors decreased in almost a linear relationship. It was found that the penetration of the cylindrical the impactor into ice decrease in depth of penetration was 16.3 %. At the same time the penetration of the spherical the impactor into ice decrease the depth of penetration was 15.2 %. In both cases, the impactors remained undamaged.
Conclusions
Thus the process penetration impactors into ice at low impact velocity have been simulated. Ice modeled by a single-phase medium with different negative temperature. Current and final parameters of the process, as well as identify areas destroyed by ice from the magistral crack and the first foci of destruction were predicted. The calculation results can be useful in the construction of approximate formulas for express analysis of the relevant bodies of shock interaction. 
